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(54) Conductive roller, process cartridge and image forming apparatus 

(57) An electroconductive roller capable of exhibit- 
ing stable conductivity regardless of environmental 
change and accompanied with little bleed-out of addi- 
tives is provided. The conductive roller includes an elec- 
troconductive support, an electroconductive elastic 
layer coating the support and a resistance layer coating 
the elastic layer; wherein the elastic layer comprises at 
least one species of rubber selected from the group 
consisting of acrylonitrile-butadiene rubber, ep'chloro- 
hydrin rubber and chloroprene rubber, an ether oxygen- 
containing alkyi phthalate derivative, a quaternary 
ammonium perchlorate compound and a fatty oil, and 
the ether oxygen-containing alkyI phthalate derivafive. 
quaternary ammonium perchlorate compound and tatty 
oil are contained in a total amount of 0.1 - 20 wt. parts 
per ICQ wt. parts of the rubber. The conductive roller is 
suitably used as a contact charging member in an elec- 
trophotographc apparatus. 
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FIELD OFTHg INVFNTI QN AND RELATFn ART 

[00011 The present invention relates to an (electro-)conductive roller, and a process cartridge and an vnage forming 
apparatus including the conductive roller. More specifically, the present invention relates to a conductive roller used as 
a charging member for charging a suifece of an electrophotographic photosensitive member as a member to be 
charged to a prescribed potential by voltage application, and a process cartridge and an image forming apparatus 
including such a conductive roller. 

[0002] As a contact charging member for charging an electrophotographic photosensitive member in an image 
forming apparatus, there has been conventionally used a charging roller comprising an electroconductive support (core 
metal) coated successively with an. electroconductive elastic l^erand.a resistance layer.. As for the charging scheme, 
an AC+DC-charging scheme of applying a superposition of AC voltage and DC voltage to the core metal has been prin- 
cipally adopted. In this case, the AC voltage used for realizing charging uniformity has been set to have a peak-to-peak 
voltage Vpp which is at least two times a charging initiation voltage under DC voltage appBcation. In recent years, a DC 
charging scheme of applying only a DC voltage to a contact charging member has been commerdaRzed. 
[0003] A conventional charging roller used as a contact charging member has more specifically a structure includ- 
ing an electroconductive support (core metal) coated with an electroconductive elastic layer for providing uniform abut- 
ment against an electrophotographic photosensitive member as a member to be charged and further with a resistance 
layer for resistivity adjustment, wear resistance and prevention of sticking onto the photosensitive member. A structure 
IS also known including optionally an intermediate layer for resistivity adjustment or prevention of exudation of tow- 
molecular weight component from the elastic layer. 

[0004] As ttie electroconductive support a metal bar of iron, stainless steel, etc., has been used. 
[0005] The electroconductive elastic layer has been fonned as a layer of elastomers or rubber, such as etfiylene- 
propylene mbber (EPDM). butadiene rubber (BR), isoprene roller (IR), styrene-butadiene rubber (SBR), nitrile-butadi- 
ene rubber (NBR) or silicone rubber, containing electroconductive inorganic particles, such as electroconductive carbon 
black, dispersed therein for resistivity adjustment 

[0006] TTie resistance layer has been formed of a resin, such as polyamide resin or polyurethane resin, containing 
electroconductive inorganfc particles of, e.g., carbon black, titanium oxide or tin oxide, dispersed tiierein for resistivity 
30 adjustment. ' 

[0007] However, tine charging perfomiances, inclusive of charging unifomiity of the charging member, are fiable to 
be affected by good or poor dispersion of the electroconductive particles in the electroconductive elastic layer in not a 
few cases. For example, poor dispersion of electroconductive carbon black in tfie rubber has resulted in resistance 
in-egularity of ttie charging member, leading to occun-ence of density in-egularity or black spots corresponding to rotation 
35 penods of the charging member is halftone images or solid white images. The influence of such dispersion irregularihf 
has occurred more frequently in the case of tiie DC charging scheme applying only a DC voltage. 
[0008] For the above reason, instead of the electroconductive inorganic particles such as carbon black, it has been 
tned to use ionic conductive agents, such as alkaline metal salts of perchloric add and long^Jhain alkylsulfonic adds 
and tetraalkyl-quaternary ammonium salts. ' 
40 [0009] However, ttiough the use of such a known ionic conductive agent provides an improved dispersibilrty of tiie 
conductive agent, a larger fluctuation of resistivity is liable to be caused by a change of environmental condition. For 
example, ttie charging member is liable to show a higher resisth/ity in a low humidity environment and a lower resistwity 
in a high humidity environment Moreover, in the case of using such a known ionrc conductive agent, ttie ionic conduc- 
tn^ agent is liable to bleed out of the electroconductive elastic layer with time, thus changing the resistivity of the charg- 
es ing nnember. Further, the ionic conductive agent having bled out of tiie electroconductive elastic layer migrates to the 
surface of ttie resistance layer, ttiereby causing cradcs in the surface of ttie electroconductive photosensitive member 
contacting tfie charging member and staking witti tfie photosensitive member. Furttier. because of ttie ionic conductive 
agent having migrated to ttie surface of ttie resistance layer, the developer Is liable to be attached to ttie charging mem- 
ber surface, thus causing a periodical density irregularity in ttie resultant images corresponding to ttie rotation period of 
50 the charging member. 

[0010] Further, in ttie case of using a charging member including an electroconductive elastic layer containing an 
alkaline metal perchlorate as an ionic conductive agent according to the DC charging scheme for image formation half- 
tone images formed m a low temperature/low humidity environment are liable to be accompanied with minute Wadt 
spots, black streaks or lateral white streaks. 

SUMMARY OF THF IMVFMTinM 

[0011] In view of the above-mentioned problems, an object of the present invention is to provide a conductive roller 
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as a photosensitive member capable of stably providing high-quality images for a long period. 

[0012] Another object of the present invention is to provide a process cartridge and an image fomning apparatus 

including such a conductive roller. 

[0013] According to the present invention, there is provided a conducive roller, comprising: 

5 

an electroconductlve support, an electroconductive elastic layer coating the support and a resistance layer coating 
the elastic layer; wherein 

the elastic layer comprises at least one species of rubber selected from the group consisting of acrylonitrile-buta- 
diene rubber, epichlorohydrin rubber and chloroprene rubber, an ether oxygen-containing alkyi phthalate derivative, 
10 a quaternary ammonium perchlorate compound and a fatty oil, and 

the ether oxygen-containing alkyl phthalate derivative, quaternary ammonium perchlorate compound and fatty oil 
are containediaa»tQtaLajxiQunt.of 0.1 - 20 wL parts per^OO wL parts.of the^rubbec 

[001 4] The present invention further provides: 

15 

a process cartridge, comprising: an electrophotographic photosensitive member, and the above-mentioned con- 
ductive roller disposed as a charging member in contact with the electrophotographic photosensitive member; and 
an electrophotographic apparatus, comprising: an electrophotographic photosensitive member, the above-men- 
tioned conductive roller disposed as a charging member in contact with the electrophotographic photosensitive 
20 member, an exposure means and a transfer means. 

[0015] These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the prefen-ed embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

30 Figure 1 is a schematic illustration of an image fbnming apparatus, including a process cartridge, according to the 

invention. 

Rgures 2 and 3 are respectively a sectional view showing a laminar structure constituting an embodiment of the 
conductive roller according to the invention. 

Rgure 4 is a schematic illustration of another image forming apparatus, including another process cartridge, 
35 according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The (electro-)conductive roller according to the present invention may suitably be used as charging means, 
40 developing means, transfer means, cleaning means, etc., in electrophotographic image forming apparatus, such as 
copying machines and printers. The conductive roller according to tfie present invention, comprises: an electroconduc- 
tive support, an electroconductive elastic layer coating the support and a resistance, layer coating the elastic layer; 
wherein 

45 the elastic layer comprises at least one species of rubber selected from the group consisting of acrylonitrile-buta- 
diene rubber, epichlorohydrin rubber and chloroprene rubber, an ether oxygen-containing alkyl phthalate derivative, 
a quaternary ammonium perchlorate compound and a fatty oil, and 

the ether oxygen-containing alkyl phthalate derivative, quaternary ammonium perchlorate compound and fatty oil 
are contained in a total amount of 0.1 - 20 wt. parts per 100 wt. parts of the rubber 

50 

[0018] Rgure 1 schematically illustrates an embodiment of the image forming apparatus according to the present 
invention, which Includes a process cartridge including a conductive roller according to the present invention. 
[0019] Referring to Figure 1 , an electrophotography photosensitive member in the fonm of a rotatable drum (here- 
inafter sometimes called a 'photosensitive drum") 2 is rotated in a clockwise direction as indbated by an arrow at a 
55 peripheral speed (process speed). The photosensitive drum 2 may be formed of an electroconductive drum support of, 
e.g., aluminum or stainless steel, and a photosensitive layer coating an outer peripheral surface of the drum support. 
[0020] A conductive roller 1 according to the present invention as a contact charging member (charging roller) is 
disposed in parallel witii the generatrix of the photosensitive rum 1 and pressed against the surface of the photosensi- 
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tive drum 2 at a prescribed pressure and is rotated mating with the rotation of the photosensitive drum 2. Aftematively, 
the charging roller 1 may be driven in rotation by a separate drive mechanfem. 

[0021] The charing roller 1 includes a core metal 1 a. to which a prescribed voltage is applied from a voltage supply 
source. As a resuft. the outer peripheral surface of the rotating photosensitive drum 2 is charged to a prescribed poten- 
tial of a prescribed polarity. In the case of the AC + DC charging scheme, the charging member 1 may preferably be 
suppfied with a DC voltage coresponding to a desired surface potential Vd of the photosensitive drum 2 In superposi- 
tion with an AC voltage having a peak-to-peak voltage which is at least 2 times a charge initiation voltage Vth. However 
as the conductive roller of the present invention has a very excellent uniform conductivity, it is particularly suitably used 
in the DC charging scheme wherein the charging performance is liable to be ununiform. 

[0022] TTie surface of the photosensitive drum 2 thus primarily charged to a prescribed surface potential is sequen- 
tially subjected to exposure to imagewise scanning laser beam 4 carrying objective image data supplied from a laser 
scanner.texposure means. ru)tshawn),.tQnecdeveJQprnentwith,detfelopingjTieans.5^^^^ ot.tbe-cesultanttoner 
image by transfer means 6 onto a transfer(-receiving) material 7 (such as paper), and the transfer material 7 carrying 
the transfenred toner Image and separated from the photosensitive drum 2 surface is then supplied to fixing means (not 
shown) to output an image product (copy or print). The photosensitive drum 2 surface after the toner image transfer is 
cleaned by cleaning means 8 for removal of attached soiling materials such as transfer residual toner, and then sub- 
jected to a new image forming cycle. 

[00231 The present invention is also appl'icabie to a so-called cleaneriess system which is not provided with inde- 
pendent cleaning means, such as a cleaning blade, a cleaning roller and a waste toner vessel and in which transfer 
residual toner (developer) is recovered electrostatically by the developing means. An example of image forming appa- 
ratus according to such a cleaneriess system is illustrated in Rgure 4, wherein identical reference numerals are used 
for representing like members as in Rgure 1 . 

[0024] As shown in Rgures 1 and 4. in the present invention, the photosensitive dmm 2 and the charging member 
1. and optionally further the developing means 5 (and cleaning means) can be integrally supported to form a process 
cartridge 9. which is detachably mountable to a main assembly of the image forming apparatus. However, the inclusion 
of such a process cartridge is not essential in the image forming apparatus according to the present invention. 
[0025] Rgures 2 and 3 respectively illustrate an example of layer structure for constituting a conductWe roller 
according to the present invention. Refening to these figures, the conductive roller according to the present invention 
comprises an electroconductive support 1 a, and at least an electroconductive elastic layer 1 b and a resistance layer 1c 
disposed in this order on the electroconductive support la. As shown in Rgure 3. an intemiediate l^er Id can be 
inserted between the electroconductive elastic layer 1 b and the resistance layer 1 c for the purpose of resistivity adjust- 
ment or preventing bleeding-out of the plasticizer and tiie softening oil from tiie electroconductive elastic layer 
[0026] As the electroconductive support (core metal la, a cylindrical bar of a metal, such as iron, copper, nickel 
stainless steel or brass, may be used as it is or after a surface-treatment, such as chemical nickel plating or chromium 
plating, forthe puipose of rust prevention or wear resistance. However, the surface treatment should be perfomied witti 
care for not imparsing the electroconductivity. 

[0027] The conductive elastic layer 1 b of the conductive roller is formed of an elastomeric material for providing a 
unlfomi contact portion between the conductive roller and the electrophotographic photosensitive member. The elasto- 
menc material first comprises a rubber. In the present invention, in view of mutual solubility with the other additives 
inclusive of the ether oxygen-containing alkyi phtiialate derivafwe, the quatemary ammonium perchlorate and the fatty 
oil, it IS suitable to use a rubber selected from the group consisting of acrylonitrile-butadiene rubber (NBR), epichloro- 
hydnn homopolymer, ECO (epichlorohydrin-ethylene oxide copolymer). GECO (epichlorohydrinnethylene oxide-ally gly- 
cidyl ether terpolymer). and GCO (epfchlorohydrinalkyi glycidyl ether copolymer), and chloroprene rubber, all of which 
may be characterized as polar rubbers. Among tiiese, epichlorohydrin rubber is partfcularty prepared because it allows 
easy control of the resfetivity of the resultant electroconductive elastb layer. Of NBR, one having an acrylonrtrile content 
of at least 25 wL % (and preferably 45 wt. % or less) is prefen^ed. since so-called low-nltrile NBR having an acrylonitrile 
content of 20 wL % or below Is liable to cause bleeding out of the above-mentioned additives because of relatively poor 
mutual solubility. For similar reason, non-polar rubber, such as ethylene-propylene rubber or butadiene rubber is not 
prefen-ed in the present invention because of bleeding-out to the surface of the additives. 

[0028] In the present invention, the above-mentioned polar rubber may be used in a blend with another type of rub- 
ber. In this case, however, the content of the polar rubber (selected from acrylonitrile-butadiene rubber, epfchlorohydrin 
rubber and chloroprene rubber, should preferably occupy at least 70 wt %. particularty at least 90 wt. %. 
[0029] The ether oxygen-containing alkyI phtiialate derivative used in the present invention may preferably be one 
represented by the following fonnula (1 ): 

Ph{COO-(RiO)„-R2]„ (1), 
wherein Ph denotes a phenyl group; R^ . an alkylene group having 2 - 4 caibon atoms; n. an integer of 1 - 3; Rg. a linear 
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or branched alkyl group or ether oxygen-containing alkyl group having 4-18 carbon atoms; and m, an integer of 2 - 4. 
[0030] Specific examples thereof may include: dibutoxyethyl phthalate, diheptyloxyethy! phthalate, dihepty- 
loxyethoxyethyl phthalate, diheptyloxythoxyethoxyethyl phthalate, di-2-ethylhexyloxyethyl phthalate, di-2-ethylhexy- 
loxyethoxyethyl phthalate, di-2-ethylhexyloxyethoxyethoxyethyl phthalate, dioclyloxyethyl phthalate, 
dioctyloxyethoxyethyl phthalate, dioctyloxyethoxyethoxyethyl phthalate, dinonyloxyethyt phthalate, dinonyloxyethoxye- 
thyl phthalate, dinonyloxyethoxyethoxyethyl phthalate, diisononyloxyethyl phthalate, diisononyloxyethoxyethyl phtha- 
late, diisonoyloxyethoxyethoxyethyl phthalate, didecyloxyethyl phthalate, didodecyloxyethyl phthalate, 
ditetradecyloxyethyl phthalate, dihexadenyloxyethyl phthalate, dioctadecyloxyethyl phthalate, dibutoxybutyl phthalate, 
and diheptyloxybutyl phthalate. 

[0031] The quaternary ammonium perchlorate compound used In the present Invention may preferably be one rep- 
resented by the following formula (2): 



R4-N-(B-0)pH 



+ 

CIO, 



(2), 



wherein R3, R4 and R5 independently denote an alkyl group having 1-18 carbon atoms, B denotes an alkylene group 
having 2 - 4 carbon atoms, and p denotes an integer of 1 - 4. 

[0032] Specific examples thereof may include: dimethyloctylhydroxyethylammonium perchlorate, drmethyldecylhy- 
droxyethylammonium perchlorate, dimethyldodecylhydroxyethylammonium perchlorate, dimethyltetradecylhydrox- 
yethylammonium perchlorate, dimethylhexadecylhydroxyethylammonium perchlorate, 

dimethyloctadecylhydroxyethylammonium perchlorate, trimethylhydroxyethylammonium perchlorate, dimethyloctylhy- 
droxyethyl(1-3)oxyethyleneammonfum perchlorate. dimethy!decyIhydroxyethyl(1-3)oxyethy!eneammonium perchlorate, 
dimethyldodecylhydroxyethyl(1-3)oxyethyleneammonium perchlorate and trimethylhydroxyethyl(1-3)oxyethyleneam- 
monium perchlorate. 

[0033] Among the additives added to the electroconductive elastic layer, the quaternary ammonium perchlorate 
compound is added in order to impart electroconductivity to the electroconductive elastic layer, and the ether oxygen- 
containing alkyl phthalate derivative may function to improve the solubility or affinity and dispersibility of the quatemary 
ammonium perchlorate compound within the rubber. 

[0034] The quatemary ammonium perchlorate compound may preferably be added in an amount of 10 - 200 wL 
parts, particularly 50-150 wt. parts, per 1 00 wt. parts of the ether oxygen-containing alkyl phthalate derivative. Below 
10 wt. parts of the ammonium perchlorate compound, It is diffrcult to impart an appropriate level of electroconductivity. 
Above 200 wt. parts of the ammonium perchlorate compound Is liable to bleed out to the surface of the elastic layer. 
[0035] The phthalate derivative, the ammonium perchlorate compound and the fatty oil can be separately added to 
the rubber, but in order to provide a better solubility and dispersibifity within the rubber, it is preferred that these com- 
pounds are mixed in advance in a mixture liquid or paste state and the liquid mixture is added to the rubber in the 
present Invention. As the solvent to be mixed with the phthalate derivative and the ammonium perchlorate compound 
at this time, the fatty oil perse may be used, which is liquid at room temperature and generally comprises glycerides of 
fatty acids, preferably unsaturated fiatly acids. Vegetable oils may be preferred and examples thereof may include: soy- 
bean oil, cotton seed oil, castor oil, peanut oil, linseed oil and rapeseed oil. These fatty oils may preferably be In the form 
of epoxidized products wherein ethylenic unsaturations of starting fatty oils have been converted into epoxide grcup, 
e.g., by oxidation. Among epoxidized oils, preferably epoxidized vegetable oils, epoxidized soybean oil is particularly 
prefen-ed in order to provide better dispersibility of the phthalate derivative and the ammonium perchlorate in the polar 
rubber matrix. 

[0036] The fatty oil may preferably be used in an annount of 1 - 100 wt. parts, more preferably 5 - 50 wt parts, per 
100 wt. parts in total of the phthalate derivative and the ammonium perchlorate compound. Below 1 wt. part, the effect 
is liable to be insufficient, and above 1 00 wt. parts, the resultant roller surface is liable to be tacky. 
[0037] The above-mentioned three types of additives (i.e., the phthalate derivative, the ammonium perchlorate 
compound and the fatty oil) may preferably be added in a total amount of 0.1 - 20 wt. parts, more preferably 0.5 - 1 5 wt. 
parts, per 100 wt. parts of the rubber. If the addition amount is less than O.i wt: part, a sufficient electroconductivity- 
imparting effect cannot be expected. An addition amount in excess of 20 wt. parts does not result in a further lowering 
in resistivity but rather results in a lower mechanical strength of the resultant electroconductive elastic layer. 
[0038] It is prefen-ed that the electroconductive elastic layer lb exhibits a volume resistivity of at most 1x10^^ 
ohm.cm, more preferably 1x10^ - 1x10^ ohm.cm. If the volume resistivity exceeds 1x10^° ohm.cm, a substantial 
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decrease in applied voltage is fiable to ocxajr in the electroconductive elastic layer, thus failing to supply a sufficient 
charge current and to satisfactorily charge the electrophotographic photosensitive member. 

[00391 The electroconductive elastic layer lb may be formed in the following manner. The above-mentioned addi- 
tives are blended with the rubber, and the blend is kneaded and dispersed by means of a kneading machine, such as 
a two-roll mill, a pressure kneader or a Banbury mixer, to form an electroconductive rubber compound. Then, the elec- 
troconductive support is coated with a layer of the conductive rubber compound fonned by a method, such as injection 
molding, extrusion, transfer molding and conr^resslon molding, followed by heating for vulcanization. The vuteanized 
layer may be subjected to polishing, cutting and/or sand blasting to adjust the size and surface state of the resultant 
electroconductive elastic layer. The electroconductive elastic layer may assume a form of a solid product (non-foam 
product) or a foam product 

[0040] Tlie electroconductive elastfc l^er may preferably show an elongation at breakage (JIS-K6251 ) of at most 
70Q %. I^ tha elongation exceeda,7QQ, .tha,sutface,|M^^ 

desirable surface roughness Rz (ten-point average roughness according to JIS-B0601) of at most 10 ^lm. Even if Rz 
exceeding 10 jun is accepted in expectation of a smoothening effect with the resistance layer 1c. such a roughness Rz 
exceeding 10 fim cannot be uniformly fomned, if the elongation exceeds 700 %. 

[0041] Further, the electroconductive elastic teyer lb may preferably have an international rubber hardness (IRHD) 
of at most 60 deg., more preferably 35 to 60 deg., as measured according to a vuteanized rubber hardness testing 
method (J1S-K6253) so as to provide a unifonm and stable contact portion (nip) with the photosensitive member. If the 
hardness exceeds 60 deg.. the conductive roller is Hable to cause a contact irregularity along a longitudinal direction 
thereof at a contact portion with the photosensitive member 

[0042] The electroconductive elastic layer lb may preferably have a thk^ness of at least 1 mm. more preferably 2 
- 7 mm. so as to always iorm a uniform and stable contact portion with the photosensitive member. Further, in order to 
fomi a more uniform contact portion, the roller can be provided with a so-called 'crown', i.e.. a central portion having a 
larger outer diameter than the end portions. 

[0043J The resistance layer 1 c is fomied for the purpose of resistivity adjustment and prevention of sticking onto the 
photosensitive member 2 surface of the conductive roller and prevention of soifing on tiie photosensitive member 2. In 
view of the softness and wear resistance, the resistance layer 1 c may be fonmed from a binder resin comprising a syn- 
thetic resin, such as uretiiane resin, fluorine-containing resin, polyvinyl butyral resin, polycarbonate resin, polyamide 
resin or sificone resin; or a thermoplastic elastomer, such as polyamide-based elastomer, polyurethane-based elas- 
tomer, polyester-based elastomer, polyolefin-based elastomer or polystyrene-based elastomer, by dispersing electro- 
conductive inorganic particles therein for resistivity adjustment. It is particulariy preferred that the resistance layer is 
formed principally from urethane resin. 

[0044] For the urethane resin, it is further preferred to use caprolactone-based polyesterurethane resin (containing 
open caprolactone units in its main chain), caprolaclone-modified acrylurethane resin (containing open caprolactone 
units in its side chains) or polycarbonate-based urethane resin. 

[0045] Examples of the electroconductive inorganfc particles dispersed in the resistance layer 1 c may include par- 
ticles of carbon black, carton graphite, and electroconductive oxides, such as titanium oxide, tin oxide, zinc oxide, bar- 
ium sulfate, barium titanate and potassium titanate. 

[0046] The resistance layer 1 c may preferably have a volume resistwity of 1 x1 0^ - 1 x10^2 ohm.cm, more preferably 
1x10 - 1x10 ohm.cm. If ttie volume resistivity is below 1x10^ ohm.cm. in case where surface defects, such as pin- 
holes and scars, are present on the photosensitive drum, a difHculty of "charge leakage" tfiat charges cannot be 
retained over a substantial contact region is liable to occur. When such 'charge leakage" occurs, tiie resultant image is 
accompanied witti a white dropout region in the case of normal development scheme or a black dropout region in ttie 
case of reversal development scheme, whrch causes a substantial image quality towering. If the volume resistivity 
exceeds 1x10 ohm.cm, a substantial towering of applied voltage is liable to occur, ttius foiling to provide an appropri- 
ate level of charge cun^nt and to provide a sufficient charge to ttie photosensitive member. Moreover, minute lateral 
black streaks are liable to be caused 

[0047] It is preferred ttiat the resistance layer has a volume resistivity which is 1 to 1 x1 0^ times, more preferably 1 0^ 
- 10* times, ttiat of the electroconductive elastic layer. If the ratio is below 1 , i.e.. the resistance layer has a lower resis- 
tivity than the elastic layer, charge leakage to defects of the photosensitive member is liable to occur, and above Itf* 
times, the charging performance is liable to be ununiform. 

[0048] The resistance layer 1c may for example be prepared in the following manner. Rrst. an electroconductive 
agent is added to a solution of a polyol in an appropriate solvent, and ttie mixture is subjected to disperston of tiie con- 
ductive agent by paint dispersion means, such as a ball mill, a sand mill, an attritor, a roD mill, a homogenizer, a paint 
shaker, a blade stirrer, or a high-pressure collision dispersing machine. Into the resultant conductive agent dispersion 
liquid, a prescribed amount of polyisocyanate compound is added and stin^d. Then, the resultant mixture fiquid is 
appfied onto ttie electroconductive elastic layer by a coating method, such as dip coating, spray coating, roller coating, 
or curtain coating. The coating layer is then dried for removal of the solvent by a hot air circulating drier, an infrared dry- 
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ing furnace, etc., to form the resistance layer as a dry film on the electroconductive layer. 

[0049] The resistance layer 1 c may preferably have a thickness of 2 - 1 000 jim, particularly 6 - 1 00 nm. If the thick- 
ness is below 1 pm, the withstand voltage is liable to be lowered. If the thickness exceeds 1 000 ixm, the vaporization of 
the solvent takes a substantial time, thus being liable to lower the productivity. 
5 [0050] As shown in Rgure 3, an intemnediate layer 1 d can be inserted between the electroconductive elastic layer 
lb and the resistance layer 1c for the purpose of resistivity adjustment and prevention of bleeding-out of the additives 
from the conductive elastk) layer 1 b. The intemnediate layer Id may comprise a rubber or a resin. The intermediate layer 
Id can contain additives similar to those added in the electroconductive elastk: layer 1b. 

10 [Examples] 

[Q0j5.1]^ ; .> Hereinbelaw, .the present invention„will be described in ftirlher detail based, on Examples. 
Example 1 

15 

(Preparation of charging members) 

[0052] The following ingredients were uniformly mixed in solution to prepare Additive 1 . 
20 Additive 1: 
[0053] 



25 



Dibutoxyethyl phthalate 


100 wt-parts 


Dimethyloctylhydroxyethylammonium perchlorate 


ICQ wt.parts 


Epoxidized soybean oil 


20 wt.parts 



(Preparation of electroconductive elastb layer of charging members) 

[0054] Several coating compositions were each prepared by kneading the following ingredients for 15 min. in a 
35 pressure kneader temperature-controlled at 20 



Eptehlorohydrin-ethylene oxide-allyl glycidyl ether terpolymer (GECO) 


100 wtpart(s) 


Zinc oxide 


5 wLpart(s) 


Cateium carbonate 


25 wt.part(s) 


Ester-type plastteizer 


15wt.part(s) 


Stearic add 


1 wt.part(s) 


Sulfur 


1 wt.part(s) 


Additive 1 


variable 



[0055] To the above-kneaded product. 2 wt. parts of benzothiazyl disulfide (vuteanization promoter) and 0.5 wt. part 
of tetrathiuram monosulfide (vulcanization promoter) were added, and the resultant mixture was kneaded for 5 min. on 
a two-roll mill temperature-controlled at 50 ^'C. to prepare an electroconductive compound. • • 
[0056] Separately, a stainless steel bar off 6 mm In outer diameter and 258 mm in length was provkJed as a conduc- 
55 tive support (core metal), and the outer surface thereof was coated with a layer of the above-prepared electroconductive 
compound fomned by extrusion, followed by vulcanization under heating at 170 for 15 min. The coating layer was 
further dry-ground with a grindstone to prepare an elastic roller coated with a 3 mm-thick and 232 mm-long electrocon- 
ductive elastb layer providing an outer diameter of 1 2 mm. 
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(Measurement of volume resistivity of electroconductive compounds for electrocbnductive elastic layers after the vul- 
canization) 



10 



15 



20 



25 



30 



[0057] Each electroconductive compound prepared in the above-described manner was formed into a 2 mm-thick 
vulcanized sheet (vulcanized under the above-mentioned conditions). The volume resistivities (Rv) of such a sample 
sheet were measured by a resistivity meter CHiRESTA UP' equipped with an attached electrode ('J-BOX") mfd by Mit- 
subishi Kagaku KK.) in environments of low temperature/low humidity (LT/LH = 15 •C/IO %RH), norrnal tempera- 
ture/nonnal humidity (NT/NH = 23 -0/55 %RH) and high temperaturemigh humidity (HT/HH = 32 %RH) 
respectively, at the time of 1 min. after starting the voltage appfication off 1 0 volts. Based on the measured values of Rv 
an environmental change rate (ARv) was measured determined according to the following formula: 

ARvL (tlme^= Rv In.LT/LH/Rvt JafcCT/hlH 
(Etongation at breakage Eb (%) and surface roughness Rz.) 

[0058] Each electroconductive compound prepared in the above-described manner was formulated into a 2 mm- 
thick vulcanized sheet (vulcanized under the above-described conditions), from which a test piece was cut out and sub- 
jected to measurement of an elongation at breakage Eb (%) according to JIS-K6251 by using a Tensilon universal test- 
ing machine CRTC-1250A', mfd. by K.K. A & D). 

[0059] Separately, the surface roughness Rz (ten-point average roughness accorcfing to JIS-B0601 ) of the electro- 
conductive elastic layer after the grinding was measured by using a contact stylus-type surface roughness meter 
("SURF CORDER SE-3300". mfd. by K.K. Kosaka Kenkyusho). 

(Measurement of elastic layer hardness IRHD) 

[0060] Each electroconductive compound was fonned into 2 mm-thick vulcanized sheets (vuteanized under the 
above-descnbed conditions). Three sheets thereof in a stacked state were subjected to measurement of internatfonal 
rubber hardness (IRHD) according to JIS-K6263 (hardness testing mettiod for vulcanized rubber) by using an IRHD 
pocket hardness meter (mfd. by K.K. Kobunshi Keiki). 

[0061] The above procedures were repeated for each of 8 electroconductive-forming coating compositions having 
different contents of Additive 1 (Examples 1 -1 to 1 -8), and the measured values are summarized in Table 1 below. 



Table 1 





Properties (Example 1) 


Examples 


1-1 


1-2 


1-3 


1-4 


1-5 


1-6 


1-7 


1-8 


Additive 

(Wt.f 


1 amount 

)arts) 


0.1 


0.5 


1 


5 


10 


20 


30 


0 


Rv 


LT/LH 
((ilcm) 


Z2x10^ 


1.6x1 OP 


1.1x10® 


Z1x10^ 


1.4x10^ 


1.1x10'' 


9.7x10® 


3.9x10® 


NT/NH 
((n.cm) 


1.0x10^ 


8.2x10^ 


5.5x10^ 


1.0x10^ 


6.6x10^ 


5.0x10® 


4.6x10® 


1.5x10® 


NT/HH 
((ilcm) 


6.4x10^ 


4.6x10^ 


3.3x10^ 


6.6x10® 


4.2x1 OP 


3.1x10^ 


3.0x10® 


8.8x10^ 


Environ- 
mental 
change 
(times) 


4.1 


3.5 


3.3 


ZJZ 


3.3 


3.5 


3.2 


4.4 


Eb (%) 


600 


600 


610 


640 


660 


670 


690 


600 


Rz(^m) 


3 


3 


3 


3 


3.5 


-3.5 


4 


3 


Hardness (deg.) 


46 


46 


46 


46 


46 


46 


44 


46 



35 



40 



45 



50 



55 
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(Preparation of resistance layer) 

[0062] A resistance layer was prepared from a mixture liquid comprising 100 wt. parts of a solution of polycaprol* 
actone-type polyol in solvent mixture of methyl ethyl ketone (MEK)Aoluene (solid matter contact (Csm) = 20 wt. %) and 
20 wt. parts of electroconductive tin oxide. 

[0063] The mixture liquid was subjected to 4 hours of dispersion in a vertical sand mill containing 1 mm-dia. glass 
beads as dispersion media. To the dispersion liquid separated from the glass beads, 1 0 wt. parts of tolylene diisocy- 
anate (TDI) was added to prepare a paint for resistance layer 

[0064] The electroconductive elastic layer of the above-prepared elastic roller was surface-coated by dipping with 
the thus-prepared paint for resistance layer, and the coating layer was dried at 120 **C for 2 hours In a hot air circulating 
drying machine to form a 20 jim-thick resistance layer. 

[P.Q65]^ The.vi)lunieTresisth<ity:CRv.Xpi..the.iEsjstance layer was.measurecl.wjth.respect,tQ a 2a|inri7lhjck-(dry) coating,, 
film (formed on a 1 00 ^m-thick aluminum foil by applying the above-prepared paint for resistance layer by a bar coater, 
followed by drying) by means of a resistivity meter ('HIRESTA UP* and "J-BOX", mfd. by Mitsubishi Kagaku K.K.) in an 
environment of NT/NH (23 '^C/SS %RH) at the time of 1 min. after starting application of 1 0 volts, thereby giving Rv = 
1.0x10^^ ohm.cm. 

[0066] In this way, 6 conductive rollers (Examples 1 -1 to 1 -6) each having an outer diameter of ca. 1 2 mm were pre- 
pared. Then, each of the above-prepared conductive rollers was subjected to measurement of resistivity in an environ- 
ment of temperature of 23 **C and relative humidity of 55 % (NT/NH). More specifically for the measurement, a 1 0 mm- 
wide and 50 jim-thick aluminum foil was applied about an entire periphery of the conductive roller, and a DC 250 volts 
was started to be applied between the aluminum foil surface and the core metal to measure a current therebetween at 
1 0 sec. after the start of the voltage application. Based on the measured current value, the volume resistivity of the con- 
ductive roller was determined. The measured values are inclusively shown in Table 2 below. 

25 (Image evaluation) 

[0067] Each conductive roller was incorporated as a primary charging roller in a process cartridge (■EP-62 Car- 
tridge", mfd. by Canon K.K.) for a laser beam printer ("LBP-lseO", mfd. by Canon K.K.) and used for image fomiation 
by connecting the conductive roller with an external high-voltage supply as a primary charging DC voltage supply. The 
30 image evaluation was performed by fonning a lateral halftone image (comprising one dot and 2 species at 1200 dpi) in 
an environment of LT/LH (= 1 5 <*C/1 0 %RH) while applying a primary bias DC voltage of Ca. - 1 300 volts) from the exter- 
nal voltage supply so as to charge the photosensitive member to a dark-part potential of -600 volts. The resultant 
images were evaluated by observation with eyes according to the following standard: 

35 A: No image defects at all 

B: Minute lateral black or while streaks appeared at 1 - 5 parts in an A4-size area 
C: Minute lateral black or while streaks appeared at 6 - 20 parts in A4. 
0: Minute lateral black or white streaks appeared at 21 parts or more in A4. 

40 (Continuous image fonning perfonnance evaluatran) 

[0068] The above-prepared process cartridge and the laser beam printer were used for continuous formation of 
character images (A4 size, image area ratio = 5 %) on 10000 sheets, and then fomnation of lateral halftone images (1 
dot and 2 spaces, at 1 200 dpi) on 1 0 sheets. The images were evaluated according to the following standard: 

45 

A: Uniform images free from density irregularity were obtained. 

B: Images were accompanied with a slight degree of density in-egularity at a charging roller rotation pitch (38 mm). 
C: Images were accompanied with clear density irregularity at a charging roller rotation pitch (38 mm). 

50 (Sticking and Soiling on the photosensitive membei) 

[0069] Each charging member incorporated in the above-mentioned process cartridge was left standing for 30 days 
in an environment of 40 ''C/95 %RH, and thereafter the degrees of sticking between the charging member and the pho- 
tosensitive member and of the soiling on the photosensitive member, were observed. More specifically, the sticking was 
55 evaluated based on a state when the charging member was separated from the photosensitive member, and the soiling 
was evaluated by observation of the abutted surface portion of the photosensitive member through an optical micro- 
scope. 

[0070] The results are inclusively shown in the following Table 2. 
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(Preparation of electroconductive elastic layers) 
5 [0071] 



Epichlorohydrin-ethylene oxide copolymer (ECO) 


100 wt.part(s) 


Magnesium oxide 


5 wt.part(s) 


vCalciunfi. carbonate . 


.::.2awt.part(s). 


Ester-type plasticizer 


20 wt.part(s) 


Stearic acid 


1 wLpart(s) 


Anti-aging agent 


1 wtpart(s) 


Additive 1 


variable 



20 

[0072] Each composition represented above (having a variable amount of Additive 1 ) was kneaded for 10 min, in a 
pressure kneader temperature-controlled at 20 ^'C. To the kneaded product, 1 wl. part of sulfur and 2 wt. parts of ethyl- 
enethiourea (vuteanization promoter) were added, and the resultant mixture was kneaded for 5 min. on a two-roll mill 
temperature-controlled at 50 **C. to prepare an electroconductive compound. 
25 [0073] By using the electroconductive compounds. 8 types of elastic rollers each having an electroconductive elas- 
tk; layer as the surfacemost layer were prepared othenwise in the same manner as in Example 1 . 
[0074] The properties (Rv (ohm.cm), Eb (%), Rz Qim) and IRHD (deg.)) of the thus formed 8 electroconductive 
elastk; layers (Examples 2-1 to 2-8) of the elastk: rollers were measured in the same manner and are listed in the fol- 
lowing Table 3. 

30 



Tables 



Properties (Example 2) 


Examples 


2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


2-8 


Additive 1 amount 
(wtparts) 


0.1 


0.5 


1 


5 


10 


20 


30 


0 


Rv 


LT/LH 
(acm) 


1.2x10^ 


8.4x10^ 


4.2x10^ 


1.2x10® 


6.5x10^ 


4.1x10^ 


3.1X10^ 


1.7x10^ 




NT/NH 

(a cm) 


6.0x10^ 


4.2x10^ 


2.1x10® 


5.5x10^ 


3.2x10^ 


2.0x10^ 


1.5x10^ 


8.7x10® 




HT/HH 
(iicm) 


Z5x10® 


1.9x10^ 


9.1x10® 


2.7x10^ 


1.5x10^ 


9.5x10® 


7.2x10® 


3.4x10® 




Environ- 
mental 
change 
(times) 


4.8 


4.4 


4.6 


4.4 


4.3 


4.3 


4.3 


5.0 


Eb{%) 


500 


500 


520 


530 


560 


600 


620 


500 


Rz(^lm) 


3 


3 


3 


3 


3 


3 


3 


3 


Hardness (deg.) 


49 


49 


49 


49 


49 


49 


47 


49 
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(Resistance layer for Example 2) 

[0075] A resistance layer paint was prepared from an ingredient mixture comprising 1 00 wt. parts of a solution of e- 
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caprolactone-modified hydroxyl group-containing methacrylic add ester in butyl acetate (solvent) (Csm = 30 wt. %), 25 
wt. parts of electroconductive tin oxide and 5 wt parts of hexamethylene diisocyanate (HDI), otheiwise in the same 
manner as in Example 1 . Six types of conductive rollers (Examples 2-1 to 2-6) were prepared by forming a 1 2 fun-thick 
resistance layer from the resistance layer paint on the above-prepared electroconductive elastic layers of the elastic roll- 
5 ers (Examples 2-1 to 2-6), otherwise in the same manner as in Example 1 . 

[0076] The evaluation results of the thus-prepared conductive rollers and the resistance layers are summarized in 
Table 4 below. 
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Examples 

(Preparation of electroconductive elastic layers) 
5 [0077] 



Epichlorohydrin-polymer (CO) 


100 wLpart(s) 


Magnesium oxide 


5 wtpart(s) 


Calcium cactK)nate . . 


25vWt4)art(s). 


Ester-type plastidzer 


20 wtpart(s) 


Stearic acid 


1 wtpart(s) 


Anti-aging agent 


1 wtpart(s) 


Additive 1 


variable 



[0078] Each composition represented above (having a variable amount of Additive 1 ) was kneaded for 1 0 min. in a 
pressure kneader temperature-controlled at 20 °C. To the kneaded product, 1 vrt. part of sulfur and 2 wt. parts of ethyl- 
enethiourea (vulcanization promoter) were added, and the resultant mixture was kneaded for 5 min. on a two-roll mfll 
temperature-controlled at 50 *C, to prepare an electroconductive compound. 

[0079] By using the electroconductive compounds, 8 types of elastc rollers each having an electroconductive elas- 
tic layer as the surfacemost layer were prepared otiienwse in the same manner as in Example 1. 
[0080] The properties (Rv (ohm.cm), Eb (%), Rz (nm) and IRHD (deg.)) of the thus formed 8 eleclrx>conductive 
elastic l^ers (Examples 3-1 to 3-8) of the elastfc rollers were measured in the same manner and are fisted in the fol- 
lowing Table 5. 



Table 5 





Properties (Example 3) 


Examples 


3-1 


3-2 


3-3 


3-4 


3-5 


3-6 


3-7 


3-8 


Additive 
(WLF 


1 amount 
)ans) 


0.1 


0.5 


1 


5 


10 


20 


30 


0 


Rv 


LT/LH 
(Hem) 


20x10® 


1.0x16® 


5.1x10® 


1.4x10® 


1.1x1 0^ 


7.0x10^ 


5.8x10^ 


8.8x10® 


MT/NH 
(acm) 


9.8x10® 


5.2x10^ 


Z5x10® 


7.2x10® 


6.2x10^ 


3.5x10^ 


2.9x10^ 


4.1x10® 


HT/HH 
(ilcm) 


5.0x10® 


2.4x10® 


1.3x10® 


3.7x10^ 


^8x10^ 


1.8x10'' 


1.6x10^ 


2.2x10® 


Environ- 
mental 
change 
(times) 


4.0 


4.1 


3.9 


3,8 


3.9 


3.9 


3.9 


4.0 


Eb(%) 


580 


580 


600 


610 


640 


660 


680 


580 


Rz(Mm) 


3 


3 


3 


3 


3 


3 


5 


3 


Hardness (deg.) 


43 


43 


43 


43 


43 


43 


41 


43 
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(Resistance layer for Example 3) 

[0081] A resistance layer paint was prepared from an ingredient mbrture comprising 100 wt. parts of a solution of 
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polycarbonate-type polyol in butyl acetate/cyclohexanone mixture solvent (Csm= 20 wt. %), 22 wt parts of electrocon- 
ductive tin oxide and 10 wL parts of hexamethylene diisocyanate (HDI). otherwise in the same manner as in Example 
1. Six types of conductive rollers (Examples 3-1 to 3-6) were prepared by forming a 15 jim-thick resistance layer from 
the resistance layer paint on the above-prepared electroconductive elastic layers of the elastic rollers (Examples 3-1 to 
5 3-6), otherwise in the same manner as in Example 1 . 

[0082] The evaluation results of the thus-prepared conductive rollers and the resistance layers are summarized in 
Table 6 below. 
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[0083] The following ingredients were uniformly mixed in solution to prepare Additive 2. 
5 Additive 2: 
[0084] 

10 



Dibutoxyethyl phthalate 


100 wt. parts 


Dimethylbctylhydrbxyethyloxyethylene ammonium perchlorate 


150 wt. parts 


Epoxidized soybean oil 


20 wt. parts 



(Preparation of electroconductive elastic layers) 
[0085] 

20 





NBR (acrytonitrile content = 30 wL%) 


100 wt.part(s) 


25 


Zinc oxide 


5 wtpart(s) 




Caldum carbonate 


25 wt.part(s) 




Hydrous silicic acid 


5 wt.part(s) 


30 


Ester-type plasticizer 


20 wt.part(s) 


Stearic acid 


1 wt.part(s) 




Anti-aging agent 


1 wtpart(s) 




Sulfur 


0.5 wt.part(s) 


35 


Additive 2 


variable 



[0086] Each composition represented above (having a variable amount of Additive 2) was kneaded for 10 min. in a 
pressure kneader temperature-controlled at 20 *C. To the kneaded product, 1 wL part of benzothiazyl disulfide (vutean- 
40 ization promoter) and 0.5 wt. part of tetrathiuram monosulfide (vulcanization promoter) were added, and the resultant 
mixture was kneaded for 5 min. on a two-roll mill temperature-controlled at 50 °C, to prepare an electroconductive com- 
pound. 

[0087] By using the electroconductive compounds, 8 types of elastic rollers each having an electroconductive elas- 
tic layer as the surfacemost layer were prepared otherwise in the same manner as in Example 1 . 
45 [0088] The properties (Rv (ohm.cm), Eb (%), Rz (jim) and IRHD (deg.)) of the thus formed 8 electroconductive 
elastic layers (Examples 4-1 to 4-8) of the elastic rollers were measured in the same manner and are listed in the fol- 
lowing Table 7. 

(Resistance layer) 

50 

[0089] On each of six-types of elastic layers, a 10 ^im-thick resistance layer was fomned from the same resistance 
layer paint as in Example 2 to prepare 6 types of conductive rollers (Examples 4-1 to 4-4). The evaluation results are 
summarized in Table 8 below. 

55 
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Table? 



5 



10 



Properties (Example 4) 


Examples 


4-1 


4-2 


4-3 


4-4 


4-5 


4-6 


4-7 


4-8 


Additive 2 amount 
(wt parts) 


0.1 


0.5 


1 


5 


10 


20 


30 


0 


Rv 


LT/LH 

(ncm) 


1.0x10^° 


1.6x10® 


1.9x10^ 


7.7x10^ 


5.4x10^ 


3.9x10^ 


3.6x10^ 


3.6x10^° 




. NT/NH 
(ilcm) 


6.4x10^ 


ft ftvin^ 
o.oa I u 


I.QxIOP 


4.5x10^ 


, 3.0x10^ 


.2,0x10^ 


1.8x10^ 


1.2x10^0 




T/HH 
(£Icm) 


2.6x10® 


.3x10^ 


4.2x10^ 


1.7x10^ 


1.3x10^ 


9.3x10^ 


8.4x10® 


7.1x10® 




Environ- 
mental 
change 
(times) 


4.8 


4.9 


4.5 


4.6 


4.2 


4.2 


4.3 


5.1 


Eb (%) 


550 


550 


560 


580 


610 


610 


630 


550 


Rz(jAm) 


3 


3 


3 


3 


3 


3 


3 


3 


Hardness (deg.) 


42 


42 


42 


42 


42 


42 


40 


42 
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Example S 

[0090] The following ingredients were uniformly mixed in solution to prepare Additive 3. 
5 Additives: 
[0091] 

10 



Di-2-ethylhexyloxyethoxyethyI phthalate 


100 wtparts 


Dimethyldecylhydroxyethylammonium perchlorate 


100 wtparts 


Epoxidized soybean oil 


20 wtparts 



(Preparation of electroconductive elastic layers) 
[0092] 

20 





Polychloroprene 


100 wt.part(s) 


25 


Zinc oxide 


5 wtpart(s) 




Magnesium oxide 


5 wtpart(s) 




Hydrous silicic acid 


10 wtpart(s) 


30 


Naphthene-based process oil 


20 wtpart(s) 


Stearic acid 


1 wtpart(s) 




Anti-aging agent 


1 wtpart(s) 




Sulfur 


0.5 wtpart(s) 


35 


Additive 3 


variable 



[0093] Each composition represented above (having a variable amount of Additive 3) was kneaded for 10 min. in a 
pressure kneader temperature-controlled at 20 °C. To the kneaded product. 1 wt part of ethylenethiourea (vulcaniza- 
tion promoter) was added, and the resultam mixture was kneaded for 5 min. on a two-roll mill temperature-controlled at 
50 **C. to prepare an electroconductive compound. 

[0094] By using the electroconductive compounds. 8 types of elastic rollers each having an electroconductive elas- 
tic layer as the surfacemost layer were prepared otherwise in the same manner as in Example 1 . 
[0095] The properties (Rv (ohm.cm), Eb (%), Rz Qim) and IRHD (deg.)) of the thus formed 8 electroconductive 
elastic layers (Examples 5-1 to 5-8) of tiie elastic rollers were nneasured in the same manner and are listed in the fol- 
lowing Table 9. 



Table 9 



Properties (Example 5) 


Examples 


5-1 


5-2 


5-3 


5-4 


5-5 


5-6 


5-7 


5-8 


Additive 3 amount 
(wt.parts) 


0.1 


0.5 


1 


5 


10 


20 


30 


0 



20 
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Table 9 (continued) 



5 



Properties (Example 5) 


Examples 


5-1 


5-2 


5-3 


5-4 


5-5 


5-6 


5-7 


5-8 


Rv 


LT/LH 
(n.cm) 


1.0x10^° 


14x10^ 


1.5X10^ 


9.9X10® 


4.3x10® 


2.7x10® 


1.8x10® 


4.0x10^^ 




NT/NH 

(acm) 


9.5x10^ 


7.5x10^ 


8.8x10^ 


5.8x10® 


2.5x10® 


1.5x10® 


1.1x10® 


2.0x10^'' 




HT/HH 
(ilcm) 


3.3X10^ 


4.2x10^ 


4.8x10^ 


3.3x10® 


1.4x10® 


8.7x10^ 


5.8x10^ 


1.2x10^^ 




' Environ- 
mental 
change 
(times) 


3.3* 


3:3' 


3:1' 


' 3 0^ 




^' 3:r - 






Eb (%) 


460 


460 


470 


490 


500 


520 


540 


460 


R2(nm) 


3 


3 


3 


3 


3 


3 


3 


3 


Hardness (deg.) 


54 


54 


54 


54 


54 


54 


53 


54 



(Resistance layer for Example 5) 

25 [0096] A resistance layer paint was prepared from an ingredient mixture comprising 100 wt. parts of a solution of 
hydroxyl group-containing methacrylic acid ester copolymer in toluene/MEK mixture solvent (Csm = 20 wt %), 30 wt. 
parts of electrocondudive tin oxide and 12 wt. parts of isophorone diisocyanate (IPDI), otherwise in the same manner 
as in Example 1 . Five types of conductive rollers (Examples 5-2 to 5-6) were prepared by forming a 12 nm-thick resist- 
ance layer from the resistance layer paint on the above-prepared electrocondudive elastic layers having resistivities In 

30 an appropriate range of the elastic rollers (Examples 5-2 to 5-6). othenvise in the same manner as in Example 1 . 
[0097] The evaluation results of the thus-prepared conductive rollers and the resistance layers are summarized in 
Table 10 below. 
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[0098] As is understood from the aix>ve experimental results in Tables 1 - 10 of Examples 1 to 5, the conductive 
roller of the present invention causes little bleeding-out of low-molecular weight additives from the electroconductive 
elastic layer and is also characterized by little fluctuation in resistivity due to environmental change. Further, the con- 
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ductive roller of the present invention provides very excellent charging unifomnity when used as a charging member. 
[0099] The reason of the little bleed-out of low-molecular weight additives and little fluctuation in resistivity due to 
environmental change has been considered attributable to excellent mutual solubility between the ammonium perchlo- 
rate compound as the conductive agent together with the other additives and the polar rubber, and also high moisture- 
5 capturing capacity of the conductive agent Further, the excellent charging unifonnity may be attributable to a better dis- 
persibility of the conductive agent in the polar polymer than the other types of conductive agent. 

Comparative Example 1 

10 (Preparation of electroconductive elastic layers) 



Epichlorohydrin-ethylene oxide-allyl glycidyl ether terpolymer (GECO) 


100 wt.part(s) 


Zinc oxide 


5 wt.part(s) 


Calcium carbonate 


25 wt.part(s) 


Ester-type plasticizer 


15 wt.part(s) 


Stearic acid 


1 wt.part(s) 


Sulfur 


1 wt.part(s) 


Trimethyldodecylammonium bromide 


variable 



[0101] Each composition represented above (having a variable amount of conductive agent) was kneaded for 15 * 
min. In a pressure kneader temperature-controlled at 20 X. To the kneaded product, 2 wt parts of benzothlazyl 

30 disulfide (vulcanization promoter) and 0.5 wL part of tetrathiuram monosulfide (vulcanization promoter) were added, 
and the resultant mixture was kneaded for 5 min. on a two-roll mill temperature-controlled at 50 °C, to prepare an elec- 
troconductive compound. 

[01 02] By using the electroconductive compounds, 6 types of elastic rollers each having an electroconductive elas- 
tic layer as the surfacemost layer were prepared otherwise in the same manner as in Example 1 . 

35 [0103] The properties (Rv (ohm.cm), Eb (%), Rz (^m) and IRHD (deg.)) of the thus fomned 6 electroconductive 
elastfc layers (Comparative Examples 1 -1 to 1 -6) of the elastic rollers were measured In the same manner and are listed 
in the following Table 1 1 . (Resistance layer) * 
[0104] On each of 5 types of elastic layers, a 12 jim-thick resistance layer was formed from the same resistance 
layer paint as In Example 1 to prepare 6 types of conductive rollers (Comparative Examples 1 -1 to 1 -5). The evaluation ! 

40 results are summarized in Table 12 below. 

Table 1 1 1 



Properties (Comparative Example 1) 


Comp.Ex 


1-1 


1-2 


1-3 


1-4 


1-5 


1-6 


Conductive agent amount 
(wtparts) 


0.1 


0.5 


1 


3 


5 


0 


Rv 


LT/LH (n.cm) 


1.3x10^ 


7.3x10® 


3.4x10® 


1.3x10® 


1.0x10® 


3.9x10® 


NT/NH (acm) 


1.4x10® 


8.1x10^ 


3.5x10^ 


1,6x10^^ 


1.0x10^ 


1.5x10® 


HT/HH (ftcm) 


3.9x10^ 


2.1x10® 


8.9x10® 


3.4x10® 


2.6x10® 


8.8x10^ 


Environmen- 
tal change 
(times) 


33 


35 


38 


38 


38 


4.3 


Eb (%) 


580 


580 


600 


600 


600 


580 
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Table 1 1 (continued) ' 



Properties (Comparative Example 1) 


Comp.Ex 


1-1 


1-2 


1-3 


1-4 


1-5 


1-6 


Rzbim) 


3 


3 


3 


3 


3 


3 


Hardness (deg.) 


45 


46 


46 


45 


45 


45 



10 



15 



20 



25 



30 



35 



40 



45 



50 
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Comparative Example 2 

(Preparation of electroconductive elastic layers) 
5 [0105] 



Epichtorohydrin-ethylene oxide-allyl glycldyl ether terpolymer (GECO) 


100wt.part(s) 


Zinc oxide 


5 wt.part(s) 


- Calcium cart>onate.. 


: 25.wtpart(s), 


Ester-type plasticizer 


15wt.part(s) 


Stearic add 


1 wtpart(s) 


Sulfur 


1 wtpart(s) 


Lithium perchlorate 


variat)le 



[0106] Each composition represented above (having a variable amount of conductive agent) was kneaded for 15 
min. in a pressure l<neader temperature-controlled at 20 *C. To the kneaded product, 2 wt. parts of benzothlazyl 
disuride (vuteanization promoter) and 0.5 wL part of tetrathiuram monosulfide (vulcanization promoter) were added, 
and the resultant mixture was kneaded for 5 min. on a two-roll mill temperature-controlled at 50 ''C, to prepare an elec- 

25 troconductive compound. 

[0107] By using the electroconductive compounds, 5 types of elast'c rollers each having an electroconductive elas- 
tic layer as the surfacemost layer were prepared otherwise in the same manner as In Example 1 . 
[0108] The properties (Rv (ohm.cm). Eb (%), Rz (urn) and IRHD (deg.)) of the thus fonned 5 electroconductive 
elastic layers (Comparative Examples 2-1 to 2-5 of the elastk^ rollers were measured in the same manner and are listed 

30 in the following Table 1 3. 

(Resistance layer) 

[0109] On each of 5 types of elastic layers, a 1 0 nm-thick resistance layer was fomied from the same resistance 
^ layer paint as in Example 1 to prepare 5 types of conductive rollers (Comparative Examples 2-1 to 2-5). The evaluation 
results are summarized in Table 14 below. 



Table13 



40 



Properties (Comparative Example 2) 


Comp.EX 


2-1 


2-2 


2-3 


2-4 


2-5 


Conductive agent amount (wt parts) 


0.05 


0.1 


0.6 


1 


3 


Rv 


LT/UH (acm) 


1.3x10^ 


6.6x10® 


1.5x10® 


1.4x10® 


1.2x10® 


NT/NH (CLcm) 


8.5x10^ 


4.1x10^ 


1.1x10^ 


8.8x10® 


8.4x10® 


HT/HH (flcm) 


1.4x10^ 


7.3x10® 


1.7X10® 


1.5X10® 


1.3x10® 


Environmental change 
(times) 


93 


90 


88 


93 


92 


Eb (%) 


580 


580 


600 


600 


600 


Rz(^m) 


3 


3 


3 


3 


3 


Hardness (deg.) 


46 


46 


46 


46 


46 
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Comparative Exampie 3 

(Preparation of electroconductive elastic layers) 
[0110] 



EP1069 4a2A2 



Epichlorohydrin-ethylene oxide-allyl glycidyl ether terpolymer (GECO) 


100 wt.part(s) 


Zinc oxide 


5 wt.part(s) 


.Calcluni carbonate. 


25 :Wt.part(s).. 


Ester-type plasticizer 


15wt.part(s) 


Stearic acid 


1 wt.part(s) 


Sutfur 


1 wt.part(s) 


Sodium dodecylsuKate 


variable 



20 

[0111] Each composition represented above (having a variable amount of conductive agent) was kneaded for 15 
min. in a pressure kneader temperature-controlled at 20 °C. To the kneaded product, 2 wt. parts of benzothiazyl 
disulfide (vulcanization promoter) and 0.5 wL part of tetrathiuram monosulfide (vulcankation promoter) were added, 
and the resultant mixture was kneaded for 5 min. on a two-roll mill temperature-controlled at 50 *»C. to prepare an elec- 
ts troconductive compound. 

[0112] By using the electroconductive compounds, 5 types of elastic rollers each having an electroconductive elas- 
tfc layer as the surfacemost layer were prepared otherwise in the same manner as in Example 1 . 
[0113] The pn^perties (Rv (ohm.cm), Eb {%), Rz (urn) and IRHD (deg.)) of the thus formed 5 electroconductive 
elastic layers (Comparative Examples 3-1 to 3-5) of the elastk; rollers were measured in the same manner and are listed 
30 in the following Table 1 5. 

(Resistance layer) 

[0114] On each of 4 types of elastic layers, a 10 jinvthfck resistance layer was fbmied from the same resistance 
35 layer paint as in Example 1 to prepare 4 types of conductive rollers (Comparative Examples 3-1 to 3-5). The evaluation 
results are summarized in Table 16 below. 



Table 15 



Properties (Comparative Example 3) 


Comp.EX 


3-1 


3-2 


3-3 


3-4 


3-5 


Conductive agent amount (wtparts) 


0.05 


0.1 


0.5 


1 


3 


Rv 


LT/LH (acm) 


2.3x10^ 


1.5x10^ 


8.9x10® 


7.2x10® 


5.3x10® 


NT/NH (£Icm) 


1.5x10® 


9.5x10^ 


5.9x10^ 


4.5x10^ 


3.3x10^ 


HT/HH (acm) 


5.8x10^ 


3.3X10^ 


2.0X10^ 


1.6X10^ 


1.2X10^ 


Environmental change 
(times) 


40 


45 


45 


45 


44 


Eb (%) 


580 


580 


580 


600 


600 


Rzftim) 


3 


3 


3 


3 


3 


Hardness (deg.) 


45 


45 


45 


45 


45 
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Table 16 



Evaluation (Comparative Example 3) 


CValUclUUn llciTI 




Comparative Example 








3-3 


3-4 


3-5 


dcu>iK« leiyei 




h%/rlrin niKK^^r tC^^C^rW 

iiyurir? ruDuci vv3tL/>^j 


<— 




< — 




Q n Q * 
o u o 






<— 




O 1 


U.O 


i 

1 


3 


iicoioieii ii^c layci 


Binder 


caprolactone urethane 








Conductor 


tin oxide 






<- 


Amount (wtparts) 


20 


<- 


4- 




Rv(ft.cm) 


1.1x10^° 




<— 


<— 


Roller Rv (acm) 


NT/NH 


4.8x10^ 


3.0x10^ 


2.3x10® 


1.7x10^ 


LT/LH 


9.3x10^ 


4.2X10^ 


3.2x10^ 


2.3x10^ 


Image 


Streak level 


C 


C 


C 


C 


lOK-continuous 


Image level 


C 


C 


C 


0 


Soiling on drum 


Yes/no 


Yes 


Yes 


Yes 


Yes 


Sticking on drum 


Yes/no 


Yes 


Yes 


Yes 


Yes 



*: SDSsSodum dodecylsuffate 



30 Comparative Example 4 

(Preparation of electroconductive elastte layers) 
[0115] 

35 





Epichlorohydrin-ethylene oxide-allyl glycidyl ether terpolymer (G ECO) 


100 wt.part(s) 


40 


Zinc oxide 


5 wt.part(s) 




Cablum carbonate 


25 wt.part(s) 




Ester-type plasticlzer 


15 wt.part(s) 




Stearic acid 


1 wtpart(s) 


45 


Sulfur 


1 wtpart(s) 




Dimethyloctylhydroxyethylammonium perchlorate 


variable 



so [0116] Each composition represented above (having a variable amount of conductive agent) was kneaded for 15 
min. in a pressure kneader temperature-controlled at 20 °C. To the kneaded product 2 wt parts of benzothiazyl 
disulfide (vulcanization promoter) and 0.5 wt. part of tetrathiuram monosulfide (vulcanization promoter) were added, 
and the resultant mixture was kneaded for 5 min. on a two-roll mill temperature-controlled at 50 *C. to prepare an elec- 
troconductive compound. 

55 [01 1 7] By using the electroconductive compounds, 7 types of elastic rollers each having an electroconductive elas- 
tic layer as the surfacemost layer were prepared otherwise in the same manner as in Example 1 . 
[0118] The properties (Rv (ohm.cm), Eb (%), Rz (pm) and IRHD (deg.)) of the thus fonned 7 electroconductive 
elastic layers (Comparative Examples 4-1 to 4-7) of the elastte rollers were measured in the same manner and are listed 
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(Resistance layer) 

10119] On each of 5 types of elastic layers, a 12 ^im-thick resistance layer was formed from the same resistance 
layer paint as in Example 1 to prepare 5 types of conductive rollers (Comparative Examples 4-1 to 4-3, 4-5 and 4-6). 
The evaluation results are summarized in Table 18 below. 



Table 17 



Properties (Comparative Example 4) 


Comp.EX 


4-1 


4-2 


4-3 




'f-O 


A R' 
4-0 


4-/ 


Conduct' 

amountO 


ve agent 
wtparls) 


0.1 


0.5 


1 


3. 


5 


10 


0 


Rv 


LT/LH 
(£Icm) 


3.4x1 0« 


2.4X10® 


1.1x10® 


4.6x10^ 


3.3x10'^ 


3.2x10^ 


3.9x10® 


NT/NH 

(CLcm) 


1.2x10® 


8.5x10^ 


3.6x10^ 


1.6x10'' 


1.1x10^ 


9.5x10® 


1.5x10® 


HT/HH 
(^Icm) 


3.4x10^ 


2.3X10^ 


1.0x10^ 


4.5x10^ 


3.2X10® 


2.8x10® 


8.8X10^ 


Environ- 
mental 
change 
(times) 


10 


10 


11 


10 


10 


11 


4.4 


Eb (%) 


600 


600 


600 


620 


620 


630 


600 


Rz(^m) 


3 


3 


3 


3 


3 


3 


3 


Hardness (deg.) 


45 


45 


45 


45 


45 


44 


45 
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Table 18 



Evaluation (Comparative Example 4) 


Evaluation item 


Details 


Comparative Example 






4-1 


4-2 


4-3 


4-5 


4-6 


Elastic layer 


Rubber 


hydrin rubber 
(GECO) 


<— 


<- 


<- 


*- 


Additive 


TO AP* 


<— 








'Aniount (wt.parts) 


0.1 


- 0;5 


1 




-.10 


Resistance layer 


Binder 


caprolactone ure- 
thane 


<- 


<- 




<- 


Conductor 


tin oxide 


<— 






4— 


Amount (wt.parts) 


20 


<r- 






<- 


Rv(acm) 


1x10^° 


<— 




4- 


<— 


Roller Rv (acm) 


NT/NH 


6.2x10® 


4.5x10® 


2.1x10® 


9.5x10^ 


6.5x10^ 


{JAM 


6.0x10^ 


4.4x10^ 


1.8x10^ 


8.5x10® 


6.2x10® 


Image 


Streak level 


0 


C 


C 


C 


C 


1 0K-contlnuous 


Image level 


B 


B 


C 


C 


C 


Soiling on drum 


Yes/no 


Yes 


Yes 


Yes 


Yes 


Yes 


Sticking on drum 


Yes/no 


Yes 


Yes 


Yes 


Yes 


Yes 



*: TDAB = trlmethytoctadecylammonium perchlorate 

30 

Comparative Example 5 

(Preparation of electroconductive elastic layers) 

35 

[0120] 



40 


Ethyl acrylate-2-chk>roethyl vinyl ether copolymer 


100 wtpart(s) 




Cak:ium cart)onate 


30 wLpart(s) 




Ester-type plastidzer 


10 wtpart(s) 


45 


Stearic acid 


1 wtpart(s) 




Sodium stearate 


3 wtpart(s) 




Potassium stearate 


0.5 wLpart(s) 




Dilauryl thiodipropionate 


2wtpart(s) 


50 


Sulfur 


1 wtpart(s) 




Additive 1 


variable 



55 [0121J Each composition represented above (having a variable amount of Additive 1) was kneaded for 15 min. on 
a two-roll mill temperature-controlled at 40 °C. The thus-kneaded compound was thereafter fomiulated into an elastfe 
layer in the same manner as in Example 1 . In this way, 7 types of elastfc rollers each having an electroconductive elastic 
layer as the surfacemost layer were prepared. 
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[01221 The properties (Rv (ohm.cm), Eb (%), Rz (urn) and IRHD (deg.)) of the thus formed 7 elec^oconductlve 
elastic layers (Comparative Examples 5-1 to 5-7) of the elastic rollers were measured in the same manner and are listed 
in the following Table 1 9. 

(Resistance layei) 

[0123] On each of 4 types of elastic l^rs, a 12 jim-thick resistance layer was fonmed from the same resistance 
layer paint as in Example 1 to prepare 4 types of conductive rollers (Comparative Examples 5-3 to 5-6). The evaluation 
results are sumn^rized In Table 20 below. 



Table 19 



Properties (Comparative Example 5) 


Comp.EX 


5-1 


5-2 


5-3 


5-4 


5-5 


5-6 


5-7 


Con duel 
amount 


tive agent 
(wLparts) 


0.1 


0.5 


1 


3 


5 


10 


0 


Rv 


LT/LH 
(ilcm) 


1.1X10^° 


9.5x10^ 


9.2x10® 


5.0x10^** 


4.2X10^° 


4.0x10^° 


7.5x10^^ 


NT/NH 
(acm) 


7.5x10^° 


6.5x10® 


6.8x10® 


3.5x10® 


3.0x10® 


2.6x10® 


4.9x10^^ 


HT/HH 
(ilcm) 


2.9x10^® 


2.3x10® 


2.3x10® 


1.2x10® 


1.0x10® 


9.7x10® 


2.5x10^° 


Environ- 
mental 
change 

(times) 


3.8 


4.1 


4.0 


4.2 


4.2 


4.1 


3.0 


Eb(%) 


600 


6(X) 


610 


630 


650 


670 


600 


R2(jwn) 


3 


3 


3 


3 


3 


4 


3 


Hardness (deg.) 


48 


48 


48 


48 


48 


47 


48 



Table20 





Evaluation (Comparative Example 5) 


Evaluation item 


Details 


Comparative Example 






5-3 


5-4 


5-5 


5-6 


Elastic layer 


Rubber 


NBR 


<- 


<— 






Additive 


3 


<— 




<— 




Amount (wtparts) 


1 


3 


5 


10 


Resistance layer 


Binder 


caprolactone urethane 


<- 


<- 


<— 




Conductor 


tin oxide 


<- 


<- 


<r- 




Amount (wtparts) 


20 


<- 


<— 


i— 




Rv(IIcm) 


1x10^° 








Roller Rv (Slcm) 


NT/NH 


8.5x10® 


5.1X10® 


4.5x10® 


4.0X10® 




LT/LH 


1.2x10^ 


7.2x10^ 


6.5x10^ 


5.7x10® 


Image 


Streak level 


B 


B 


B 


B 
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Table20 (continued) 



Evaluation (Comparative Exannple 5) 


Evaluation item 


Details 


Comparative Example 






5-3 


5-4 


5-5 


5-6 


lOK-continuous 


Image level 


B 


B 


B 


B 


Soiling on drum 


Yes/no 


no 


no 


no 


no 


Sticking on drum 


Yes/no 


no 


Yes 


Yes 


Yes 



[0124] An electroconductive roller capable of exhibiting stable conductivity regardless of environmental change and 
accompanied with little bleed-out of additives is provided. The conductive roller includes an electroconductive support, 
an electroconductive elastic layer coating the support and a resistance layer coating the elastic layen wherein the elas- 
15 tic layer comprises at least one species of rubber selected from the group consisting of aery lonitrile-butadrene rubber, 
epichlorohydrin rubber and chloroprene rubber, an ether oxygen-containing alkyi phthalate derivative, a quaternary 
ammonium perchlorate compound and a fatty oil, and the ether oxygen-containing alkyI phthalate derivative, quatemaiy 
ammonium perchlorate compound and fatty oil are contained in a total amount of 0.1 - 20 wt parts per 1 00 wt. parts of 
the rubber. The conductive roller is surtably used as a contact charging member in an electrophotographic apparatus. 

20 

Claims 



1 . A conductive roller, comprising: 



25 
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an electroconductive support, an electroconductive elastto layer coating the support and a resistance layer 
coating the eiastrc layer; wherein 

the elastk: layer comprises at least one spedes of rubber selected from the group consisting of acrylonitrile- 
butadiene rubber, epichlorohydrin rubber and chloroprene rubber, an ether oxygen-containing alkyI phthalate 
derivative, a quaternary ammonium perchlorate compound and a fatty oil, and 

the ether oxygen-containing alkyI phthalate derivative, quaternary ammonium perchlorate compound and fatty 
oil are contained in a total amount of 0.1 - 20 wL parts per 1 00 wt parts of the rubber. 

2. A conductive roller according to Claim 1 , wherein said at least one species of rubber is contained in a proportion of 
at least 70 wL % of total rubber in the elastic layer. 

3. A conductive roller according to Claim 1 , wherein the elastte layer comprises eptehlorohydrin rubber. 

4. A conductive roller according to Claim 1 , wherein said ether oxygen-containing alkyI phthalate derivative Is a com- 
pound represented by formula (1) below: 

Ph{COO-(RiOVR2]m (1). 

wherein Ph denotes a phenyl group; R^, an alkylene group having 2 - 4 carbon atoms; n, an integer of 1 - 3; R2. a 
linear or branched alkyI group or ether oxygen-containing alkyI group having 4 - 18 cartoon atoms; and m, an integer 
of2-4. 

5- A conductive roller according to Claim 1 , wherein said quaternary ammonium perchlorate compound is one repre- 
sented by fomiula (2) below: 



so 



55 



R4-N-{B-0)pH 
R5 



0104- 



(2). 



wherein R3, R4 and R5 independently denote an alkyI group having 1-18 cart)on atoms, B denotes an alkylene 



33 



EP 1 069 482 A2 



group having 2 - 4 carbon atoms, and p denotes an integer of 1 • 4. 

6. A conductive roller according to Claim 1 , wherein the quaternary ammonium perchlorate compound is contained in 
10 - 200 wt. parts per 100 wt. parts of the ether oxygen-containing alkyl phthalate derivative. 

7. A conductive roller according to Claim 1 , wherein the fatty acid comprises epoxidized soybean oil. 

8. A conductive roller according to Claim 1 , wherein the fatty oil is contained in 1 - 1 00 wt. parts per 1 00 wt parts in 
total of the ether oxygen-containing alkyl phthalate derivative and the quatemary ammonium perchlorate com- 
pound. 

9. A conductive roller accQnfing,tQ Claim. 1^ wherejathe eiedrQconducliMe elasticJayerhas a.voluma resistivity of . at. 
most 1x10^° ohm.cm. 



1 0. A conductive roller according to Claim 1 , wherein the electroconductive elastic layer has an elongation at breakage 
of at most 700 %. 

11. A conductive roller according to Claim 1, wherein the electroconductive etast'c layer has an irrtemational rubber 
hardeness of at most 60 deg. 

12. A conductive roller according to Claim 1 , wherein the electroconductive elastic l^er has a a thickness of at least 1 
mm. 

13. A conductive roller according to Claim 1 , wherein the resistance layer has a volume resistivity of 1x10^ - 1x10^^ 
ohm.cm. 

14. A conductive roller according to Claim 1 , wherein the resistance layer has a thickness of 2-1000 jim. 

15. A conductive roller according to Claim 1 , wherein the resistance layer comprises urethane resin. 

16. A conductive roller according to Claim 1 . which comprises a charging roller. 

17. A process cartridge, comprising: an electrophotographic photosensitive rhember. and a conductive roller disposed 
as a charging nnember in contact with the electrophotographic photosensitive member, wherein the conductive 
roller comprises: 

an electroconductive support, an electroconductive elastk; layer coating the support and a resistance layer 
coating the elastic layer; wherein 

ttie elastic layer comprises at least one species of rubber selected from the group consisting of acrylonitrile- 
butadiene rubber, epfchlorohydrin rubber and chloroprene rubber, an ether oxygen-containing alkyl phthalate 
derivative, a quaternary ammonium perchlorate compound and a fatty oil, and 

the ether oxygen-containing alkyl phthalate derivative, quatemary ammonium perchlorate compound and fatty 
oil are contained in a total amount of 0.1 - 20 wt parts per 1 00 wt parts of the rubber. 

18. An electrophotographic apparatus, comprising: an electrophotographic photosensitive member, a conductive roller 
disposed as a charging member in contact with the electrophotographkj photosensitive, an exposure means and a 
transfer means, wherein the conductive layer comprises 

an electroconductive support, an electroconductive elastic layer coating the support and a resistance layer 
coating the elastic layer, wherein 

the elastic layer comprises at least one spedes of rubber selected from the group consisting of acrylonitrile- 
butadiene rubber, epichlorohydrin rubber and chloroprene rubber, an ether oxygen-containing alkyl phthalate 
derivative, a quaternary ammonium perchlorate compound and a fatty oil, and 

the ether oxygen<»ntaining alkyl phthalate derivative, quatemary ammonium perchlorate compound and fat^ 
oil are contained in a total amount of 0.1 - 20 wt parts per 1 00 wt parts of the rubber. 
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(57) An eiectroconductive roller capable of exhibit- 
ing stable conductivity regardless of environmental 
change and accompanied with little bleed-out of addi- 
tives is provided. The conductive roller Includes an eiec- 
troconductive support, an eiectroconductive elastic lay- 
er coating the support and a resistance layer coating the 
elastic layer; wherein the elastic layer comprises at least 
one species of rubber selected from the group consist- 
ing of acrytonitrile-butadlene rubber, epichlorohydrin 
rubber and chloroprene rubber, an ether oxygen-con- 
taining alkyi phthalate derivative, a quaternary ammoni- 
um perchlorate compound and a fatty oil, and the ether 
oxygen-containing alkyI phthalate derivative, quater- 
nary ammonium perchlorate compound and fatty oil are 
contained in a total amount of 0.1 - 20 wt. parts per 1 00 
wt. parts of the rubber. The conductive roller is suitably 
used as a contact charging member in an electrophoto- 
graphic apparatus. 
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